(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
6 December 2001 (06.12.2001) 




PCT 



iiiiii ii in: ii ill ill! ill ill inn 

(10) International Publication Number 

WO 01/91686 Al 



(51) International Patent Classification 7 : A61G2/44 

(21) International Application Number: PCT/US01/17412 

(22) International Filing Date: 30 May 2001 (30.05.2001) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 
60/207,930 



English 
English 

30 May 2000 (30.05.2000) US 



(71) Applicant and 

(72) Inventor: LIN, Paul, S. [US/US]; RR 1, Box 443-A, 
Lewisburg, PA 17837 (US). 

(74) Agents: LONGMUIR, Jeanne, E. et al.; Calfee, Halter 
& Griswold LLP, 1400 McDonald Investment Center, 800 
Superior Avenue, Cleveland, OH 44114 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 



CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TO, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: IMPLANT FOR PLACEMENT BETWEEN CERVICAL VERTEBRAE 




(57) Abstract: A stirrup shaped cervical 
implant (30) is provided for use in keeping 
spinal vertebrae (100, 110) separated. 
The implant includes a ring portion (40) 
connected to a truncation (70). The ring 
portion (40) includes legs (42, 44) having 
barbed saw teeth (54). The crests of each 
of the barbed saw teeth (54) are aligned to 
match the contours of the adjacent vertebra. 



WO 01/91686 PCT/US01/17412 

IMPLANT FOR PLACEMENT BETWEEN CERVICAL VERTEBRAE 

Priority Claim 

5 This application claims the benefit of U.S. provisional patent application 

number 60/207,930 filed on May 30, 2000, the entirety of which is hereby 
incorporated by reference. 

Field of the Invention 

10 This invention generally relates to prostheses for the spine and more 

specifically to an implant to separate adjacent cervical vertebrae. 

Background of the Invention 
The spine is the central support column for the human body. The cervical 

15 region of the spine is located in the area of the neck and is comprised of cervical 
vertebrae separated by disks. A diseased spine suffers from deterioration of a vertebra, 
disk or both. Disks and vertebrae may also be damaged by physical causes as well. 
Surgical repair consists of fusing adjacent vertebrae together by means of a bone 
graft. It is necessary to keep the adjacent vertebrae spaced at a certain distance at the 

20 time the bone graft is growing and fusing the adjacent vertebrae together. 
Traditionally, this has been done mechanically. Typically, the systems are comprised 
of plates and screws or rods and screws. 

Intervertebral implants may be used to replace or augment the method of 
grafting. A problem with grafting is that grafts are not always successful. Resorption 

25 of the graft results in a collapse of the area between the vertebrae. A permanent 
support structure such as an implant will not allow collapse. A problem with prior art 
intervertebral implants is that most are designed for use in the lumber section of the 
spine and thus have contoured surfaces which match the contour of the lumbar 
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vertebrae. The cervical vertebrae have contours different from those of the lumbar 
30 vertebrae. 

Another problem with prior art implants currently being used in the cervical 
section of the spine is that some implants which are formed as cages do not have 
superior strength characteristics. An implant which is simple to manufacture and has 
superior strength is desired. 

35 Summary of the Invention 

The present invention overcomes disadvantages in the prior art by providing 
an improved cervical implant for holding spinal vertebrae apart. The implant is 
stirrup shaped and includes a ring portion having two legs and an interconnecting 
section. The legs of the ring portion are connected to a truncation which has a 

40 thickness which exceeds the thickness of the ring portion. The legs of the ring portion 
also includes upper and lower surfaces provided with barbed saw teeth, each tooth 
defined by a proximal face having a rearward tapered angle and a substantially 
vertical distal face and a rounded valley between each pair of adj acent teeth. 

The invention, in the aspects described above, provides the advantage of a 

45 physical support device which prevents the collapse of adjacent vertebrae in the event 
a bone graft is unsuccessful. This device is easy to insert and has superior strength. 
These and other features, aspects and advantages of the present invention will be fully 
described by the following description, appended claims, and accompanying 
drawings. 

50 

Brief Description of the Figures 

FIG. 1 is a perspective view of a cervical implant; 
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FIG. 2 is a top view of a cervical implant; . 

FIG. 3 is a cross-sectional view of a cervical implant taken along the line 3-3 
55 of Figure 2; 

FIG. 4 is an end view of a cervical implant having arched saw tooth crests 
taken along the line 4-4 of Figure 3 ; 

FIG. 5 is a cross-sectional view of an alternate embodiment of a cervical 
implant without a beveled truncation; 
60 FIG. 6 is a cross-sectional view of an alternate embodiment of a cervical 

implant having arched saw tooth crests; 

FIG. 7 is a schematic illustration of the human spine with one of the cervical 
vertebrae highlighted; 

FIGS. 8 & 9 are lateral views of a single vertebra; 
65 FIG. 10 is a top view of a pair of vertebrae; t 

FIG. 1 1 is a bottom view of a pair of vertebrae; 

FIG. 12 is a cross-sectional side view of the spine with an implant being 
implanted in an anterior direction; 

FIG. 13 is a cross-sectional side view of the spine with an implant being 
70 implanted in a posterior direction; 

FIG. 14 is a top view of a cervical implant packed with bone graft material. 

Detailed Description of the Invention 

75 As shown in FIGS. 12 and 13, an intervertebral implant 30 may be inserted 

between two adjacent vertebrae 100 and 110. This procedure is most commonly done 

when the disc 120 between adjacent vertebrae is damaged or has been removed. FIG. 

1 shows an intervertebral cervical implant 30 shaped to match the shape of the contact 

3 



WO 01/91686 PCT/US01/17412 

surface 102 of the upper cervical vertebra 100 and the contact surface 112 of the 
80 lower cervical vertebra 110 shown in FIGS. 10 and 11 which are adjacent to the 
implant 30 when it is placed within a human patient. 

Referring back to FIG. 1, the implant 30 is stirrup shaped, having a ring 
portion 40 connected to a truncation 70 to form a solid having an open top and 
bottom. The ring portion 40 includes two legs 42 and 44 and an interconnecting 
85 section 46 between the two legs 42 and 44. Each leg 42 may be curved towards the 
interconnecting section 46 at the end connected to the interconnecting section 46. The 
exterior surfaces 43 and 45 of the legs 42 and 44 and exterior surface 47 of the 
interconnecting section 46 form the exterior surface 41 of the ring section 40 and this 
surface 41 is smooth. The legs 42 and 44 and the interconnecting section 46 have 
90 thicknesses which are equal. Each end of a leg 42 not connected to the 
interconnecting section 46 extends along a longitudinal axis "1" towards the truncation 
70 and is connected to the truncation 70. Each leg 42 has an upper surface 48 and a 
lower surface 49. 

The interconnecting section 46 lies between each leg 42 and 44 of the ring 
95 portion 40. The interconnecting section 46 is curved, having a radius of curvature of 
approximately less than 3/16 of an inch. As shown in FIG. 2, in one embodiment of 
the invention, the radius of curvature R of the interconnecting section 46 does not 
exceed one half of the maximum distance D between the truncation 70 and the 
interconnecting section 46. The interconnecting section 46 includes upper and lower 
100 surfaces 50 and 51 which are beveled as shown in FIG. 5. The interconnecting 
section 46 also includes a convex exterior surface 47. The beveled surfaces 50 and 51 
and convex exterior surface 47 ease insertion of the implant 30 between vertebrae. As 
shown in FIGS. 1 and 4, the interconnecting section 46 includes an aperture 52 which 
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may be used for the attachment of tools used to insert, remove or align the implant 30 

105 within a human body. The interior surface of the aperture 52 may be threaded to 
allow a secure fit to a threaded guiding device. 

As shown in Figures 1-3, the implant 30 includes multiple biased metallic, 
angled barbs, also referred to as barbed saw teeth, or vertebral engagement points 54. 
The barbed saw teeth 54 are positioned along and rise above the upper surfaces 48 of 

110 the legs and the lower surfaces 49 of the legs. The barbed saw teeth 54 are defined by 
proximal faces 56 and distal faces 58. The proximal face 56 of a barbed saw tooth 54 
may be angled rearwardly relative to the direction of insertion of the implant 30. The 
distal face 58 may be angled in a substantially vertical manner. The distal face 58 
may also be angled rearwardly relative to the direction of insertion of the implant 30. 

115 A rounded valley 59 is between the bases 60 of each barbed saw tooth 54. The 
overall rearward angular orientation of the barbed saw teeth 54 allows the implant 30 
to be inserted without significant resistance as shown in FIG. 12. Once inserted, the 
angular orientation resists retropulsion and implant migration. 

As shown in FIGS. 3 and 12, each barbed saw tooth 54 includes a crest 62 at 

120 the point of the tooth. The crests 62 of the barbed saw teeth 54 are sharp to permit 
easy entry into bone of the upper adjacent vertebra 100 and the lower adjacent 
vertebra 1 10. The orientation of the crests 62 of adjacent barbed saw teeth 54 varies 
depending upon the shape of the upper and lower cervical vertebra 100 and 110 
between which the implant 30 is placed. For example, as shown in FIG. 6, the crests 

125 62 of the barbed saw teeth 54 are arched. Because of the arch shape, the crest height 
of one saw tooth varies from the crest height on the adjacent saw tooth. 

FIG. 5 shows an implant 30 used when the arc of the upper adjacent vertebra 
100 is very slight or nil, while FIG. 6 shows the embodiment which is used when the 
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arc of the upper adjacent vertebra 100 is large. The crests 62 rising from the lower 
130 surfaces 49 of the legs 40 and 42 are not arched because there is no arc to the contact 
surface 112 of the lower adjacent vertebra 110. However, if the lower adjacent 
vertebra 1 10 has an arc, the crests rising from the lower surface 49 of the legs may be 
arched to correspond to the vertebral contact surface 112. Identification marks may 
be printed on the exterior surface 43 of one or both legs 42 and 44, but are not 
135 necessary. 

Although each leg surface may include any number of barbed saw teeth 54, in 
an embodiment of the invention, the number of barbed saw teeth 54 upon any upper 
or lower surface 48 and 49 of an individual leg does not exceed six. As shown in 
FIG. 1, each barbed saw tooth 54 includes an interior 64 and an exterior side 66. The 

140 exterior side 66 of each barbed saw tooth 54 is planer (lying in the same plane) as the 
exterior surface of the legs 43 and 45 or interconnecting section 47. The interior side 
64 of each barbed saw tooth 54 is likewise planer with the interior surface of the legs 
or interconnecting section. 

As shown in FIG. 2, the truncation 70 has an exterior surface 72 which may be 

145 flat. As shown in FIG. 5, the truncation 70 may have an upper surface 74 and a lower 
surface 76 which matches the shape of a barbed saw tooth 54 upon an adjacent leg. 
Alternatively, as shown in FIG. 6, the upper surface 74 of the truncation 70 may be 
partially beveled into the exterior surface 72 of the truncation 70. A beveled corner 
may also exist between the lower surface 76 of the truncation 70 and the exterior 

150 surface 72 of the truncation 70. A threaded or non-threaded aperture 78 may be 
centered within the truncation 70 and allows the implant 30 to be placed, adjusted, 
and removed using a positioning tool. The beveled edge 50 of the interconnecting 
portion 46 and the truncation 70 also act to engage the verterbral surface. The 
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thickness of the truncation 70 exceeds the thickness of any part of the ring section 40 
155 (legs or interconnecting section). 

The implant 30 may be manufactured from titanium, but may be manufactured 

from other materials compatible with the human body such as stainless steel or 

ceramic materials. As shown in FIG. 14, within the ring section 40, bone graft. 

material may be placed. The material may be inside of a porous bag 90. Bone graft 
160 material aids in fusing the upper adjacent vertebra 100 to the lower adjacent vertebra 

110. 

The implant 30 may be inserted anteriorly into the cervical area of the spine as 
shown in FIG. 12. The implant 30 is oriented between the vertebrae 100 and 110 with 
the longitudinal axis T 1 , seen in FIG. 1, of the implant 30 aligned with the plane of 

165 the vertebral faces. The vertical axis "v" of the implant 30 is aligned with the length 
of the entire human spine (example shown in FIG. 7). Thus, the open top and bottom 
of the cervical implant 30 abut the contact surfaces 102 and 112 of the vertebrae and 
the barbed saw teeth 54 bite into these surfaces. The beveled surfaces of the 
interconnecting portion 46 and the truncation 70 also act to engage the vertebral 

170 contact surfaces. Before insertion of an implant 30, preferably a discectomy is 
performed to first remove the diseased or damaged parts of the spinal disc 120. If 
necessary the adjacent vertebrae 100 and 110 may be spread using tools known to 
those skilled in the art. Alternatively, no spreading is required if the vertebrae have 
not collapsed into an undesired position. The implant 30 may also be inserted 

175 posteriorly as shown in FIG. 13. 

A single implant 30 may be used between a pair of adjacent vertebrae 100 and 
110, but it is also possible to use more than one implant 30 if the contact area 102 on 
the upper vertebra and the contact area 1 12 on the lower vertebra are large. Although 
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the invention has been shown and described with reference to certain preferred and 
180 alternate embodiments, the invention is not limited to these specific embodiments. 
Minor variations and insubstantial differences in the various combinations of 
materials and methods of application may occur to those of ordinary skill in the art 
while remaining within the scope of the invention as claimed and equivalents. 
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CLAIMS 

1 1. A stirrup shaped intervertebral implant for placement between upper and 

2 lower cervical vertebrae comprising: 

3 a ring portion including two legs and an interconnecting section, said legs and 

4 interconnecting section having equal thickness; 

5 a truncation interconnecting said legs of said ring portion, said truncation 

6 having a thickness exceeding said thickness of the ring portion; 

7 said ring portion legs having upper surfaces and lower surfaces, each upper 

8 and lower surface provided with a plurality of barbed saw teeth; and 

9 each of said barbed saw teeth defined by proximal faces having rearward 

10 tapered angles, substantially vertical distal faces, and rounded valleys between 

1 1 adj acent barbed saw teeth. 

1 2. The intervertebral implant of claim 1 wherein said barbed saw teeth on said 

2 upper surface of said ring portion legs are further defined by upper crests raised to a 

3 height above said upper surface of said ring portion leg, 

4 the height of said upper crest varying from the height of said upper crest on an 

5 adjacent barbed saw tooth; 

6 said upper crest heights arranged in an arc which substantially matches the 

7 contour of the upper vertebra to which the barbed saw teeth engage; and 

8 said barbed saw teeth of said lower surface of said ring portion legs further 

9 defined by crests having an equal height above said lower surface of said ring portion 
10 leg. 

1 3. The intervertebral implant of claim 1 wherein said truncation further includes 

2 an aperture for attachment of an insertion tool. 

9 
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1 4. The intervertebral implant of claim 3 wherein said interconnecting section 

2 further includes an aperture for attachment of an insertion tool. 

1 5. The intervertebral implant of claim 1 wherein the number of barbed saw teeth 

2 on each ring portion leg upper and lower surfaces does not exceed six. 

1 6. The intervertebral implant of claim 1 wherein the radius of curvature of the 

• 2 mterconnecting section does not exceed one half of the maximum distance between 

3 the truncation and the interconnecting section. 

1 7. The intervertebral implant of claim 1 wherein said truncation includes beveled 

2 upper and lower surfaces. 

1 8. The intervertebral implant of claim 1 wherein a bag of bone graft material is 

2 located within the interior of the ring portion. 

1 9. The intervertebral implant of claim 1 wherein said barbed saw teeth have 

2 planer sides. 

1 10. The intervertebral implant of claim 1 wherein said ring portion and truncation 

2 have smooth exterior surfaces. 
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